Abstract. In this paper, we are interested in the adaptive fuzzy control a technique has been studied and applied, namely adaptive fuzzy control based on theory of Lyapunov. The system based on the stability theory is used to approximate the gains Ke and kdce to ensure the stability of the control in real time .the simulations results obtained by using Matlab environment gives that the fuzzy adaptive control more robust, also it has superior dynamics performances. The results and test of robustness will be presented.
Introduction
The asynchronous machine with double feed (DFIM) is very popular since it profit from certain advantages compared to all the other types at variable speed, sound use in the chains of electromechanical conversion as an aero generator or engine knew a spectacular growth during last years. Indeed, it converter of energy used in order to rectify-undulate the alternating currents of the rotor has a fractional nominal output nominal of that of the generator, which reduces its cost by report/ratio with concurrent topologies (Saidi and Naceri, 2016) .
The DFIM is essentially non linear, due to the coupling between the flux and the electromagnetic torque. The vector control or field orientation control allows a decoupling between the torque and the flux (Payam, et al., 2010; Chafaa, et al., 2014) .
The system of fuzzy logic aims to model human reasoning and thinking ,the process with linguistic variables.They are very useful when the process to control with some uncertainties or unknown variables (Sundarapandian, et al., 2016; Souli, et al., 2015; Rabie, et al., 2015; Calcev, et al., 2014) .
However, in order to maintain consistent execution in the presence of true uncertainties, the use of adaptive control is,in most cases, inevitable.Fuzzy adaptive control has been the subject of intensive research during the last decade (Minth, et al., 2009; Annis, et al., 2004; Chen, et al., 1999; Chih, et al., 2004) .
Therefore, the combination of the study of adaptability and uncertainty has allowed researchers to derive adaptive fuzzy controllers (Chekkouri, et al., 2003; Rabie, et al., 2015) .
Several adaptive fuzzy control schemes have been proposed for complex systems In these adaptive schemes,the study of stability is based on the Lyapunov approach (Fischle, et al., 1999; Yusupbekov, et al., 2016 ). An adaptive fuzzy control approach can be used: the direct approach is based on the adaptation mechanism.In the direct approach,the adaptation system is used to estimate the gains of the PI-fuzzy and the control law is obtained from this PI-fuzzy controller.
Despite their dynamic capabilities and their practical implementation, the first PI-fuzzy suffered from lack of stability analysis, That is to say the stability of the closed loop is not guaranteed (Sarala, et al., 2016; Furuhashi, et al., 1998; Faquir, et al., 2016) . Recently, a large class of adaptive fuzzy systems, which use the fuzzy systems of Mamdani or TS was developed to control non-linear processes, and stability has been guaranteed in the sense of the Lyapunov theory.
Treatment in this paper adaptive fuzzy control based on stability theory to recalculate real-time PI-fuzzy gains.we will develop a new order strategy which is: adaptive fuzzy control based on the theory of Lyapunov.
Adaptive fuzzy control based on Lyapunov theory
Today, there are a number of studies on the stability of fuzzy systems. However,restrictive because of nonexistence tools appropriate. To do this, the fuzzy controller being non-linear,We have to do use of nonlinear methods . such as the Lyapunov method, the theory of hyper stability or the criterion of Popov.Most of these methods are quite limiting,providing only sufficient conditions for stability in a domain restricted.
For adaptive fuzzy control based on the Lyapunov theory,we follow two steps. Lapremiè re is devoted to the design of a PI-fuzzy controller. The second is to define the methodology for determining the gains of a fuzzy regulator based on the Lyapunov theory. The control applied to the Dual Power Asynchronous Machine is provided by a PI-fuzzy controller.
We proposed a new adaptive fuzzy control strategy based on the theory of Lyapunov to determine the gains of Ke and Kdce (normalization) , which can be applied for a large class of non-linear systems. It combines the advantages of two robust techniques and which are the control by the fuzzy logic and the control adaptive(Laamayad, et al., 2012; Chen, et al., 1999).
Control law of a PI-fuzzy controller
We consider a nonlinear system whose dynamic equation of the command is described in the following form:
Fuzzification
The error between the reference signal and the process serves to act directly (the gains of the mad regulator are recalculated in real time as a function of this error and the response of the regulator itself and gains and coefficients of adaptation).The speed error denoted e (t) is defined by: 
Inference table
Once the fuzzy presentation stage is complete,the gains estimated by the adjustment mechanism which uses the Lyapunov theory are sent to the fuzzy regulator to construct the output dTnem (t) Therefore, the fuzzy regulator rule takes the form next : Table 1 . Inference matrix of fuzzy rules.
Deffuzification
For defuzzification, the method of the center of gravity presented above, we obtain: 
Schematic diagram
To minimize the instantaneous error between the actual speed of the machine DFIM and that of the reference speed we recalculate in real time the gains ke and kdce of the premises and the consequences by the application of an adaptation algorithm of study type stability of control in the sense of Lyapunov (Laamayad, et al., 2012; Chen, et al., 1999). 
Analysis of the stability of the proposed control

Function of Lyapunov candidate
Function of Lyapunov can be considered as a function of error and the variation of the gains. This is a decreasing function along the trajectories of the system. We consider a Lyapunov candidate function: The gains of a fuzzy regulator are to be defined from a single necessary and sufficient condition for existence of the stability regime in the sense from Lyapunov. 
 
The form of the Lyapunov function is proposed to determine the PI-fuzzy gains which ensure a convergence of the actual speed of the DFIM towards its reference value. Adaptation gains are recalculated in real time in the purpose of imposing desired stability on the controlled system that is to say the speed of adjustment at the level of the assembly PI-fuzzy controller and the DFIM machine in the transitional regime. So , for the speed loop, the parameters of the Lyapunov function are chosen to ensure: the derivative of the Lyapunov candidate always negative ( eq14), as well as an accuracy of speed control.
Application for doubly fed induction machine
For the adjustment of the speed of a DFIM by the adaptive fuzzy control based on the theory of lyapunov, the following method is followed:
From the reference speed and the actual speed, the adaptive fuzzy controller provides the torque ) (t T em  . A transformation of park (dq-abc) makes it possible to calculate the currents stator of references. These currents are compared with real currents to order of each inverter.
To adjust the speed, use the output of the fuzzy controller  em T , as well as the adjustment of gains to ensure stability of control. In our application, we used a PI-Fuzzy. The first concerns speed, where we assigned five membership functions to each entry of the model. Figure ( 2) illustrates the speed control structure of a doubly fed induction machine by applying the method of fuzzy adaptive control based on theory from Lyapunov. (5), (6) . It is clear that this parametric variation did not affect the speed control performance, which proves the
efficiency of the control algorithm used. Fig (3.a) . Components of direct stator flux ds  and in quadrature Fig (3.b) . Dynamic response of speed and electromagnetic torque.
Figures (3.a) and (3.b), (3.c), show the performance of the speed control of the double-feed asynchronous machine for a set point of 100 rad / s with a variation of the load. The speed follows the reference speed despite the presence of charge. The response time is in the order of 0.1s. The overrun is zero Fig (3.c) . Dynamic machine response with PI-fuzzy control during the introduction of a load torque of (Tl= 20 N.m) at time t = 2 (s).
Tests of Robustness
The test consists of a variation of the rotor resistance in a range of 50% and 150%. The speed and the electromagnetic torque, the stator fluxes direct and quadrature as well as the evolution of the fuzzy gains 
Conclusion
The obtained results as well as the various tests have shown that this technique good performance in the presence of load disturbances and reversing the direction of travel, the speed follows its reference, the stator flux follows its reference value along the axis d with a zero component along the axis q. An increase in the electromagnetic torque in the presence of the resistive torque which leads to a good acceleration of the motor.
PI-fuzzy control with gain adaptation ke and kdce by the theory of Lyapunov is also tested for parametric variations of the system. The results have enabled us to judge that this new ordering strategy strong robustness in the presence of variations.
